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Background
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CSISS

Center for Spatially Integrated Social 
Science

NSF Infrastructure Project 1999-2004
headquartered UC Santa Barbara
Software Tools Program at UIUC

Mission
promote spatial thinking and spatial analysis in social 
science

http://www.csiss.org/
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CSISS Tools Project

Goals
facilitate dissemination of spatial analysis software 
tools to social scientists
develop a library of spatial data analysis modules
develop prototypes implementing state of the art 
methods
initiate and nurture a community

Products
GeoDa
PySAL and PySpace
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Spatial Analysis and GIS

Early Efforts (1980s)
linking statistical packages and GIS
little in terms of spatial statistics

Linked Spatial Stats and GIS
lots of examples in 1990s

Arcinfo and SpaceStat, ArcView-DynESDA, ArcView-
XGobi, SAGE, using MapObjects, etc.
geovisualization: cdv, GeoVISTA, ...

limited functionality, often inflexible architecture
slow, limited capacity for larger data sets
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GeoDa Requirements

Free Standing
no GIS

Modular
allow extensibility

Fast
true interactive data exploration, linking and brushing

Large Data Analysis
100,000+



Copyright © 2005 by Luc Anselin, All Rights Reserved 

GeoDa Objectives

An Introduction to Spatial Data Analysis
visual, interactive, user-friendly
path from geo-visualization, EDA and ESDA to spatial 
regression
aimed at non (or not yet) GIS users

Free Download
Support through OpenSpace Mailing List

http://sal.uiuc.edu/mailman/listinfo/openspace
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http://geoda.uiuc.edu



Copyright © 2005 by Luc Anselin, All Rights Reserved 

GeoDa User Base
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Geographical 
Distribution



GeoDaGeoDa & & 
Crime AnalysisCrime Analysis



What What GeoDaGeoDa is designed foris designed for

Analysis of lattice data: Areas & fixed pointsAnalysis of lattice data: Areas & fixed points

Events (e.g., addressEvents (e.g., address--level crimes) have to be level crimes) have to be 
aggregated to areasaggregated to areas

Estimating underlying risk of crime: SmoothingEstimating underlying risk of crime: Smoothing



What What GeoDaGeoDa is is notnot designed fordesigned for

Point pattern analysisPoint pattern analysis

Event data: Location subject to uncertaintyEvent data: Location subject to uncertainty

GeostatisticalGeostatistical analysis analysis 

Sample pointsSample points
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Functionality
Principles
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Main Toolbar

Data Manipulation (1)
Mapping (2)
Spatial Weights (3)
Multivariate (non-spatial) EDA (4)
Spatial Autocorrelation (5)
Spatial Regression (6)

1

23 4 5

6
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Linking and Brushing

Dynamic Graphics
user interaction with multiple statistical graphs and 
maps

Linking
selection in one graph is simultaneously selected in all 
graphs

Brushing
changing the selection is dynamically updated in all 
graphs and maps
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the selected observations in any graph are 
simultaneously highlighted in all other graphs

Linking
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changing the selection in the scatter plot is 
simultaneously highlighted in all other graphs

Brushing a Scatter Plot
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changing the selection in the scatter plot is 
simultaneously highlighted in all other graphs

Brushing a Scatter Plot
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changing the selection in the scatter plot is 
simultaneously highlighted in all other graphs

Brushing a Scatter Plot
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Brushing a Map

changing the selection in the map is simultaneously 
highlighted in all other graphs
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Brushing a Map

changing the selection in the map is simultaneously 
highlighted in all other graphs
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Brushing a Map

changing the selection in the map is simultaneously 
highlighted in all other graphs
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Functionality
Overview
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Input
polygon and point shape files
ascii point and boundary files

Conversion/Creation
points to polygons (Thiessen polygons)
polygons to points (centroids)
regular grids

Calculation
table calculator, rates, smoothing, queries

Export
boundary files, data sets, bit maps

Data Manipulation
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all points in the polygon are closer to the center 
point than to any other point = market area

Thiessen Polygons
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use Table Calculator to create indicator variables 
that meet specified criteria: both in table and 
from map (save selected)

Create Dummy Variable
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create regular grid by specifying bounding box and 
number of grid cells

Regular Lattices
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demonstration
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Mapping

Choropleth Maps
quantile, percentile, standard deviational

Outlier Maps
box map

Rate Smoothing
Empirical Bayes
spatial smoothing

Cartogram
Map Movie
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Box Map with Box Plot
Buenos Aires Election Results
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Smoothed Rates and 
Cartogram



Rate SmoothingRate Smoothing

Raw rates used to estimate underlying Raw rates used to estimate underlying 
disease riskdisease risk

Differences in population size related to Differences in population size related to 
problem of variance instability and spurious problem of variance instability and spurious 
outliersoutliers

Rate smoothing addresses variance Rate smoothing addresses variance 
instability by borrowing strength from other instability by borrowing strength from other 
spatial unitsspatial units



GeoDaGeoDa Smoothing OptionsSmoothing Options

GeoDaGeoDa contains an excess risk map option and three smoothers: contains an excess risk map option and three smoothers: 

Excess RiskExcess Risk: : Expected risk based on Expected risk based on 
product of raw rate and average overall risk of all observationsproduct of raw rate and average overall risk of all observations

Where Smoothers Borrow Strength From:Where Smoothers Borrow Strength From:
Empirical Empirical BayesBayes (EBS)(EBS): : Overall mean of the underlying risk distribution of all Overall mean of the underlying risk distribution of all 
observationsobservations

Spatial RateSpatial Rate: : Neighbors, as defined in spatial weights matrixNeighbors, as defined in spatial weights matrix

Spatial Empirical Spatial Empirical BayesBayes: : Same as EBS but strength not borrowed from all Same as EBS but strength not borrowed from all 
observations, only regional subsetobservations, only regional subset



Rate Smoothing: ComparisonRate Smoothing: Comparison

Raw rate compared to smoothed rates and mean Raw rate compared to smoothed rates and mean 
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Map Movie
Buenos Aires Election Results
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Map Movie
Buenos Aires Election Results



Copyright © 2004 by Luc Anselin, All Rights Reserved 

Map Movie
Buenos Aires Election Results
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demonstration
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Spatial Weights

Contiguity Based
rook and queen

higher order contiguity

Distance Based
distance band, k-nearest neighbors

Weights Characteristics
connectivity, islands
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Weights Dialogs
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Islands
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demonstration
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Multivariate EDA

Scatter Plot Matrix
Parallel Coordinate Plot (PCP)
Conditional Plots

conditional maps

conditional histograms

conditional box plots

conditional scatter plots

3D Scatter Plot
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brushing the scatter plot matrix
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brushing the scatter plot matrix
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brushing the scatter plot matrix
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brushing the parallel coordinate plot
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brushing the parallel coordinate plot
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brushing the parallel coordinate plot
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brushing the parallel coordinate plot
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conditional maps
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brushing the 3-D scatter plot
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demonstration
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Spatial Autocorrelation

Moran Scatter Plot
randomization inference

EB adjusted Moran for rates

Local Moran
LISA cluster map and significance map

sensitivity analysis

Bivariate Moran Scatter Plot

Bivariate Local Moran



Global and Local ClusteringGlobal and Local Clustering

Global Moran’s IGlobal Moran’s I
What is the extent of clustering in the total area?What is the extent of clustering in the total area?
Is this clustering significantly different from a Is this clustering significantly different from a 
random spatial distribution?random spatial distribution?

Local Moran’s ILocal Moran’s I
Do local clusters (highDo local clusters (high--high or lowhigh or low--low) or local low) or local 
spatial outliers (highspatial outliers (high--low or lowlow or low--high) exist?high) exist?
Are these local clusters and spatial outliers Are these local clusters and spatial outliers 
statistically significant?statistically significant?



Global ClusteringGlobal Clustering

1990 Homicide Rates1990 Homicide Rates

Box MapBox Map

Moran Scatter PlotMoran Scatter PlotRandomization TestRandomization Test

Global Moran’s I



Local Cluster & Significance MapsLocal Cluster & Significance Maps

Local Indicators of Spatial Association (LISA) maps can be used Local Indicators of Spatial Association (LISA) maps can be used to identify spatial clusters to identify spatial clusters 
and outliers at different significance levelsand outliers at different significance levels

Cluster map Significance map



Computing Local Clusters Computing Local Clusters 

Cross-product of standardized 
value for area i and average 
standardized values of 
neighbors j, e.g.:

Numerator (mean=57): (60-
57)*[(56-57)+(61-57)+(68-
57)+(42-57)]

Denominator: Sum of squared 
standardized values for each 
area i in total study area, 
divided by N

GeoDa uses row-standardized 
weights (rows sum to one)

Illustration: Mechanics behind computing hi-hi crime cluster 
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Bivariate Moran scatter plot matrix
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demonstration
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Spatial Regression

OLS with Diagnostics
normality, heteroskedasticity
Moran’s I
Lagrange Multiplier tests

Maximum Likelihood Spatial Lag
asymptotic variance matrix

Maximum Likelihood Spatial Error
asymptotic variance matrix

Predicted Value and Residual Maps
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OLS with Diagnostics
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ML Spatial Lag
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ML Spatial Error
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Residual Maps

OLS residuals Spatial Error residuals
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Residual Autocorrelation

Moran’s I = 0.25 Moran’s I = 0.01
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demonstration
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Help System

Html Based
cross-platform
hyperlinks

Resources
frequently asked questions (FAQ)
troubleshooting and bugs
tips
index of keywords
glossary of terms
references
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demonstration
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What Next
Cross-Platform OpenGeoDa
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Motivation

Growing demand for open source tools
third world
education, non-profit
open standards

Beyond Windows limitations
remove constraints embedded in MS Windows
allow port to supercomputing (unix/linux) etc.
exploit MacOSX graphics

Run GeoDa on my Mac



Copyright © 2005 by Luc Anselin, All Rights Reserved 

Approach

Remove MFC
use cross-platform GUI classes, wxWidgets

Replace MapObjects
recreate mapping functionality without MapObjects
use OpenGL and other open source graphics libraries

Make C++ code cross-platform
remove dependencies on MS VC++
create make files to handle platform-specific issues

Not as simple as it sounds ...
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Rates, Outlier Maps, Cartogram

Linux
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Rates, Outlier Maps, Cartogram

MacOS X
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Multivariate ESDA

Linux



Copyright © 2005 by Luc Anselin, All Rights Reserved 

Multivariate ESDA

MacOS X
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The Future

GeoDa is here to stay
growing user base

Completing cross-platform port
open source project

Adding new functionality
generalized spatial weights
bivariate maps
IV and GM estimation
(enter favorite technique here) ...
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Resources

http://geoda.uiuc.edu

Anselin (2005) Exploring Spatial Data with 
GeoDa: A Workbook (226pp)

Anselin, Syabri, Kho (2005) GeoDa, an 
introduction to spatial data analysis. 
Geographical Analysis (forthcoming)




